A plant allene oxide synthase (AOS) reacting with 13S-hydroperoxy-9Z,11E,15Z-octadecatrienoic acid (13-HPOT), a lipoxygenase product of -linolenic acid, provides an allene oxide which functions as an intermediate for jasmonic acid (JA) synthesis, making AOS a key enzyme regulating the JA level in plants. Although AOSs in various plants have been investigated, there is only limited information about AOSs in soybean (Glycine max). In this study, we cloned and characterized two soybean AOSs, GmAOS1 and GmAOS2, sharing 95% homology in the predicted amino acid sequences. GmAOS1 and GmAOS2 were composed of 564 and 559 amino acids respectively, with predicted N-terminal chloroplast-targeting signal peptides. Both AOSs expressed in Escherichia coli were selective for 13S-hydroperoxides of -linolenic and linoleic acids, suggesting the potential of GmAOS1 and GmAOS2 to contribute to JA synthesis. GmAOS1 and GmAOS2 were expressed in leaves, stems, and roots, suggesting broad distribution in a soybean plant.
Jasmonic acid (JA) is a genuine plant hormone that has various physiological functions, including growth control, senescence promotion, responses to wounding and drought, and defenses against insects and pathogens. [1] [2] [3] Besides JA, its derivatives, including methyl ester and conjugates with sugar or amino acid as well as cis-(+)-12-oxo-phytodienoic acid (cis-(+)-OPDA), an intermediate in jasmonic acid biosynthesis, also have various physiological functions. [1] [2] [3] [4] Furthermore, JA signaling interacts with signaling of other plant hormones such as ethylene and salicylic acid, forming a complex signaling network.
2) Thus JA synthesis affects various aspects of plant physiology, and hence should be strictly controlled.
JA is synthesized through the octadecanoid pathway ( Fig. 1) , which typically starts with regio-and stereospecific peroxidation of -linolenic acid to 13S-hydroperoxy-9Z,11E,15Z-octadecatrienoic acid (13-HPOT) by lipoxygenases. 1) In the octadecanoid pathway, 13-HPOT is a pivotal intermediate, from which several metabolic pathways branch away. 1, 5, 6) For JA synthesis, 13-HPOT is converted to an unstable allene oxide, 12,13-epoxy-9Z,11E,15Z-octadecatrienoic acid (12, , by an * Present address: Division of Clinical Pharmacology, Vanderbilt University School of Medicine, Nashville, TN 37232-6602, USA; Fax: +1-615-322-4707
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AOS was first purified and cloned from flaxseed, revealing that this enzyme is a new type of cytochrome P450. 7, 8) At present, more than 20 AOSs have been cloned from various plants. 5, 9) There is, however, limited information about AOS in soybean. 10) In this study, we cloned and characterized two soybean AOSs.
Materials and Methods
Materials. Soybean seeds (Glycine max L., cv. Beason) were supplied by Toyo Seiyu (Tokyo). Linoleic, -linolenic, and -linolenic acids were purchased from Wako Pure Chemical Industries (Osaka, Japan). The fatty acids were converted to the corresponding 13S-and 9S-hydroperoxides using soybean lipoxygenase (Bioenzyme Laboratories, San Diego, CA) 11) and tissue homogenates of tomato containing 9S-specific LOX activity 12) respectively.
Total RNA preparation and cDNA synthesis. Soybean seeds were germinated on a sheet of wet cotton for several days, and then planted on commercial soil in a pod to grow. A small piece of fresh leaf (100 mg) was frozen in liquid nitrogen and crushed by mortar and pestle. The resulting tissue powder was transferred to a 2-ml screw-capped tube containing glass beads (1 mm in diameter). Immediately after denaturation buffer containing guanidinium isothiocyanate was added, the tube was shaken at 2,000 rpm for 30 s using a Mini Bead Beater (Biospec Products, Bartlesville, OK). The resulting homogenate was used for total RNA preparation using a RNeasy Plant Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's specifications. An aliquot of the soybean leaf total RNA (4 mg) was used to prepare cDNAs using Oligo(dT) 12{18 primers and SuperScript II reverse transcriptase (Life Technologies, Tokyo) according to the manufacturer's specifications. One ml of the reaction mixture was used directly in the subsequent polymerase chain reactions (PCRs).
Cloning of partial fragments of AOS. Initial PCR using highly degenerated primers was performed aiming to obtain partial fragments of all the allene oxide synthase (AOS) cDNA candidates expressed in the leaves. The first-round reaction of this initial PCR was performed using one of the two upstream primers (Up-1: C/1 min, 15 cycles; 72 C/10 min, 1 cycle. The temperature was raised at a rate of 0.3 C/s from the annealing phase to the elongation phase. The nested PCR using Up-2 primer produced products of approximately 450 bp, which were partially purified by 2% agarose gel electrophoresis and then cloned into a pCR2.1 cloning vector (Invitrogen, Carlsbad, CA). Nucleotide sequencing revealed the presence of two different specific products; one was supposed to be an AOS, and the other to be a hydroperoxide lyase (HPL). The HPL was not investigated further. C/10 min, 1 cycle. The PCR program for the nested PCR was same as that for the first round PCR, except for an annealing temperature of 58 C. The 5 0 -RACE reactions revealed two closely related AOSs, designated GmAOS1 and GmAOS2.
The 3 0 -end region of AOSs was detected by the 3 0 -RACE reaction (Life Technologies). The sequences of the upstream primers for the first round and the nested PCRs were 5
0 respectively. The upstream primer for the first-round PCR was designed as a degenerated primer, while that for the nested PCR was based on the common sequence, so that both primers would anneal to both soybean AOSs. The PCR program was 94 C/2 min, 1 cycle; 94 C/1 min, 58 C/1 min, 72 C/2 min, 25 cycles; 72 C/10 min, 1 cycle. Since this 3 0 -RACE PCR detected only GmAOS1, additional 3 0 -RACE was performed to detect GmAOS2 using an upstream primer specific to GmAOS2 (5 0 -ACC-ATG-GCA-TCC-TCA-GCC-TCG-AC-3 0 ). The PCR program was 94 C/2 min, 1 cycle; 94 C/1 min, 58 C/1 min, 72 C/2 min, 25 cycles; 72 C/10 min, 1 cycle.
Cloning of the open reading frames of soybean AOSs. Open reading frames (ORFs) of GmAOS1 and GmAOS2 were amplified by PCR from soybean leaf cDNAs prepared from leaf total RNAs using specific upstream primers (5 0 -ACC-ATG-GCA-TCC-TCA-GCC-TCC-AC-3 0 for GmAOS1 and 5 0 -ACC-ATG-GCA-TCC-TCA-GCC-TCG-AC-3 0 for GmAOS2). Since the C-terminal 48 nucleotides are same for both AOSs, a common downstream primer containing a Xho I site (5 0 -CCT-CGA-GCT-AAA-AGC-TTG-CTC-TCT-TTA-GGG-AA-G-T-3 0 , Xho I site underlined) was used for both AOSs. The PCR program was 94 C/2 min, 1 cycle; 94 C/1 min, 62 C/1 min, 72 C/2 min, 30 cycles; 72 C/10 min, 1 cycle. The PCR products were sequenced directly and then cloned into pCR2.1 cloning vector. The soybean AOS genes were also amplified by similar PCRs from soybean genomic DNA extracted from soybean leaves using a DNeasy Plant Kit (Qiagen) according to the manufacturer's specifications.
Expression and purification of recombinant soybean AOSs. The N-terminal 37 and 32 amino acids of GmAOS1 and GmAOS2 respectively were predicted to be chloroplast-targeting signal peptides by the Internet PSORT program (http://psort.ims.u-tokyo.ac.jp). Since a signal peptide suppresses AOS activity, 8) the signal peptides in the soybean AOSs were removed for expression. cDNAs encoding the predicted mature forms of GmAOS1 and GmAOS2 were prepared by PCR using upstream primers containing a Nde I site at the 5 0 -end (CCA-TAT-GGC-CTC-TGT-CTC-CGA-GAA-ACC and CCA-TAT-GGC-CTC-GGT-CTC-CGA-GAA-ACC for GmAOS1 and GmAOS2 respectively, Nde I site underlined) and a common Xho I site-containing downstream primer used for cloning of the ORFs. The amplified cDNAs were cloned into the pET28(+) bacterial expression vector (Novagen, Madison, WI) using Nde I and Xho I sites. The resulting constructs contained an additional N-terminal His-tag sequence of MGSSHH-HHHHSSGLVPRGSH connected to A37 and A32 of GmAOS1 and GmAOS2 respectively, making the calculated molecular weight of both the recombinant enzymes approximately 55.1 kDa. The constructs were used to transform E. coli BL21(DE3) cells (Novagen) according to the manufacturer's specifications. Fresh colonies grown overnight on LB plates containing kanamycin (30 mg/ml) were put into 2 Â YT medium containing kanamycin (30 mg/ml) and grew at 37 C until the OD 600 values of the medium became 0.6-1.0. After IPTG was added to the culture at a final concentration of 1 mM, the culture was further incubated for 24 h at 20 C. The cells were collected by centrifugation at 3,000 g for 10 min at 4 C, and then disrupted using a detergent-containing Bug Buster reagent (Novagen) diluted 2-fold with 50 mM sodium phosphate buffer (pH 8) containing 300 mM NaCl and 10 mM imidazole. The cell homogenates were centrifuged at 16,000 g for 20 min at 4 C, and the resulting supernatants were mixed gently with Ni-NTA agarose (Qiagen) for 1 h at 4 C, and then transferred to a column. Unbound contaminants were washed away with 50 mM sodium phosphate buffer (pH 8) containing 300 mM NaCl, 20 mM imidazole, 20% glycerol, and 1% Triton X-100. Soybean AOSs were eluted with the same buffer containing 250 mM imidazole, and then desalted using HiTrap Desalting columns (Amersham Pharmacia Biotech, Uppsala, Sweden) with 50 mM sodium phosphate buffer (pH 8) containing 20% glycerol, and 0.02% Triton X-100. The desalted enzymes were stocked at À80 C until use.
Protein assay. Protein concentration was determined by the Bradford method using IgG as a standard (Nippon Bio-Rad Laboratories, Tokyo).
Analysis of soybean AOS products. Purified GmAOS1 and GmAOS2 were reacted with 50 mM of 13-HPOT in 50 mM sodium phosphate buffer (pH 7.4) at 25 C. The reaction was stopped with glacial acetic acid, and the reaction products were immediately extracted using a C 18 Sep-Pak vacuum column (Waters, Tokyo). AOS products, which consisted of -ketol, -ketol, and racemic OPDA, 7) were purified by reversed phase-high performance liquid chromatography (RP-HPLC) using an ODS-AM3E2 column (3 Â 150 mm, YMC, Kyoto, Japan) and a solvent of acetonitrile/water/acetic acid (60:40:0.01, v/v) at a flow rate of 0.4 ml/min. The products were detected by absorbance at 205 nm. The HPLC system (Shimadzu, Kyoto, Japan) was equipped with a LC-9A high performance pump, an SPD-6AV UV-Vis spectrophotometric detector, and a C-R6A Chromatopac recorder. The purified AOS products were analyzed directly by liquid chromatography-mass spectrometry (LC-MS) using the LCMS-IT-TOF LC-MS system (Shimadzu), as reported previously.
13) For gas chromatography-mass spectrometry (GC-MS) analyses, the purified products were methylated using ethereal diazomethane. Methylated ketols were further trimethylsilylated using N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA, Tokyo Kasei Kogyo, Tokyo). GC-MS analyses were performed as reported previously.
14)
Kinetic analysis of soybean AOSs. AOS activity was measured at 25 C in 50 mM sodium phosphate buffer (pH 7.4). Fatty acid hydroperoxides were added to the reaction mixture using EtOH as vehicle at a final EtOH concentration of 1%. The reaction was monitored by the decrease in the absorbance at 234 nm.
Tissue distribution of soybean AOSs. Total RNA was extracted from leaves, stems, and roots of one monthgrown soybean plant using an AquaPure RNA isolation kit (Bio-Rad). After pre-treatment with DNase I (Life Technologies), 1 mg of total RNA was used for cDNA synthesis by annealing with Oligo(dT) 12{18 primer and SuperScript II reverse transcriptase (RT) (Life Technologies). 0 ) primers for soybean actin 3 were designed according to GeneBank data (accession no. J01297). A fragment of 504 bp was amplified specifically. The PCR program for soybean actin 3 was the same as that for soybean AOSs, except for an annealing temperature of 55 C.
Nucleotide sequencing. cDNAs were sequenced using an ABI Prism 310 Genetic Analyzer (Applied Biosystems) with a fluorescence-tagged dye terminator cycle sequencing kit.
Results

Cloning of soybean AOSs
Aiming to detect all the AOS enzymes expressed in soybean leaves, we tried mixed oligonucleotide-primed amplification of cDNA, and detected one partial cDNA encoding a possible AOS. Subsequent 5 0 RACE reactions, however, revealed the presence of two similar AOSs, which were designated GmAOS1 and GmAOS2. The first AUG sequence in the 5 0 RACE product of GmAOS1 appeared at position 67 as part of a sequence of AAAAUGGC, which is consistent with the statistically-determined consensus sequence of the dicot initiation codon, 15, 16) assuming that the AUG sequence serves as a translation start site. This assumed translation start site in GmAOS1 was further supported by the presence of four in-frame stop codons in the 66-bp long upstream region. The 5 0 RACE product of GmAOS2 also contained the first AUG sequence in a sequence of AAAAUGGC. Although there is no stop codon in the 38-bp long upstream region of the first AUG of GmAOS2, identical 17 deduced N-terminal amino acids between GmAOS1 and GmAOS2 tend to confirm that the first AUG serves as a translation start site in GmAOS2. After subsequent 3 0 RACE reactions of GmAOS1 and GmAOS2, we finally cloned their possible open reading frames (ORFs) (GeneBank accession nos. DQ288260 and DQ288261 for GmAOS1 and GmAOS2, respectively). The ORFs of GmAOS1 and GmAOS2 were 1,575-bp and 1,560-bp long respectively, sharing 92% homology. The deduced protein of GmAOS1 was composed of 524 amino acids with a calculated molecular weight of 58.9 kDa, while that of GmAOS2 was composed of 519 amino acids with a calculated molecular weight of 58.3 kDa. GmAOS1 and GmAOS2 shared 95% homology in amino acid sequence (Fig. 2) . The calculated isoelectric points of GmAOS1 and GmAOS2 were 9.2 and 8.9 respectively, and the charges at pH 7.0 were calculated to be þ11 and þ8 for GmAOS1 and GmAOS2 respectively. GmAOS1 and GmAOS2 conserve domains A-D, as well as a heme-binding cysteine in domain D, which is characteristic of so-far evaluated AOSs (Fig. 2) .
8) The Internet PSORT program predicted the presence of chloroplast-targeting signal peptides at the N-terminals of GmAOS1 and GmAOS2 (Fig. 2) . 8) Genomic PCR revealed that the ORF of GmAOS2 is encoded by only one exon, while there is an intron of 176 bp between thymine-1247 and guanine-1248 in the GmAOS1 gene. Since the characterized AOS genes of Arabidopsis thaliana 17) and rice 18) are both intronless, the GmAOS1 gene is the first intron-containing AOS gene. GmAOS1 and GmAOS2 share more than 60% homology with 13-HPOT-selective AOSs, including those of Arabidopsis thaliana 19) and flaxseed, 8) which belong to the CYP74A family. 5) On the other hand, GmAOS1 and GmAOS2 share less than 50% homology with members of the CYP74B (hydroperoxide lyases with 13-hydroperoxide selectivity), CYP74C (AOSs with 9-hydroperoxide selectivity and hydroperoxide lyases with dual 9-/13-hydroperoxide selectivity), and CYP74D (divinylether synthases) families. 5) GmAOS1 and GmAOS2, therefore, are probably members of the CYP74A family.
Although there are 50 partial sequences registered as soybean AOS in the EST database, no complete sequence for soybean AOS mRNA has been registered in GeneBank. The SeqMan II program (DNASTAR) revealed that five (accession nos. AW132803, BE059727, BG651990, BG652002, and BG789629) and six (accession nos. BE610470, BF595249, BG404964, BG652911, BM086615, and BU763929) sequences out of the 50 EST sequences are consistent with the sequences of GmAOS1 and GmAOS2 respectively. One sequence (BG043201) was similar but slightly different from GmAOS1 and GmAOS2, with 84% homology.
The SeqMan II program assigned the remaining 39 EST sequences to two partial ORFs (here temporarily designated GmAOSx and GmAOSy). GmAOSx included AW201078, BI973917, and BI974198, while GmAOSy included BE211452, BI469385, and BM308227. Although their N-terminal sequences were lacking, the deduced amino acid sequences of the remaining part of GmAOSx and GmAOSy shared 66% homology with each other, and approximately 50% homology with those of GmAOS1 and GmAOS2. Both GmAOSx and GmAOSy share approximately 60% homology with 9-/13-HPLs of melon (AF081955) and cucumber (AF229811), and approximately 50% homology with 9-AOSs of tomato (AF454634) and potato (AF868542), suggesting that GmAOSx and GmAOSy can be classified into the CYP74C family.
Enzymatic activity of soybean AOSs
Since a chloroplast-targeting signal peptide inhibits the enzymatic activity of AOS, 8) the signal peptides of GmAOS1 and GmAOS2 were replaced with His-tag sequences for bacterial expression. 19 ) Recombinant GmAOS1 and GmAOS2 were expressed in E. coli, purified by metal-affinity chromatography, and analyzed by SDS-PAGE (Fig. 3) . Although both recombinant enzymes consisted of 509 amino acids with a calculated molecular weight of approximately 55.1 kDa, their sizes, shown in Fig. 3 , may appear to be slightly different, which is due to disturbances in electrophoresis.
In order to confirm AOS activity, the purified enzymes were reacted with 13-HPOT. An allene oxide is readily converted non-enzymatically in aqueous media to -ketol as the main product, as well as toketol and racemic OPDA as minor products.
7) The formation of these products is, therefore, diagnostic of the formation of an allene oxide.
7) GmAOS1 converted 13-HPOT to three products (shown as I-III in Fig. 4A ) with one as a major product, showing an RT-HPLC elution pattern similar to that of typical AOS products.
7)
The substrate 13-HPOT remained unchanged when heatinactivated enzyme was used (Fig. 4B) , confirming enzymatic formation of the products, as shown in Fig. 4A . Positive-mode LC-MS of products I and II showed ions of 310 m=z corresponding to molecular ions (M þ ) of -and -ketol (data not shown). On the other hand, negative-mode LC-MS of product III showed an ion of 291 m=z corresponding to a molecular ion (½M À 1 À ) of OPDA (data not shown). GC-MS of a methyl ester of product III revealed diagnostic ions, including ones of 306
, and 149 (½M À C 9 H 17 O 2 þ ) m=z, confirming that product III was OPDA.
19) The major product II was methylated with ethereal diazomethane and then trimethylsilylated with BSTFA. GC-MS of the product II derivative revealed diagnostic ions, including ones of 468
þ ), and 309 (½M À C 6 H 10 OSi(CH 3 ) 3 þ ) m=z, indicating an -ketol derivative with two trimethylsilylether moieties due to tautomerism during the reaction with BSTFA. 14, 20) Although product I was decomposed during trimethylsilylation and was not analyzed by GC-MS, the molecular weight determined by LC-MS, as well as the elution pattern relative to product II (-ketol) and product III (OPDA), 7) suggested that product I was -ketol. These results confirmed the AOS activity of GmAOS1. GmAOS2 also exhibited similar results, confirming its AOS activity (data not shown).
The substrate specificity of GmAOS1 and GmAOS2 was evaluated based on kinetic parameters calculated using a Hanes-Woolf plot ([S]/V versus [S]) using 13S-and 9S-hydoperoxides prepared from -linolenic acid, linoleic acid, and -linolenic acid (Table 1) . GmAOS1 exhibited several micro-molar ranges of K m values for all the substrates used, and apparently higher V max values for 13-HPOT and 13-HPOD, indicating selectivity for 13-hydroperoxides over 9-hydroperoxides oflinolenic acid and linoleic acid. A higher V max value for 13-HPOT than for 13-HPOD suggested that 13-HPOT was the best substrate for GmAOS1. GmAOS2 also exhibited selectivity for 13-hydroperoxides of -linolenic acid and linoleic acid. The K m and V max values for 13-HPOD were similar between GmAOS1 and GmAOS2. On the other hand, the K m and V max values of GmAOS2 for 13-HPOT were approximately 3-fold higher than those for 13-HPOD, making it difficult to distinguish the substrate selectivity of GmAOS2 as between 13-HPOT and 13-HPOD. Also, the apparent reaction efficiency of GmAOS1 for 13-HPOT was higher than that of GmAOS2. Fatty acid 9S-hydroperoxides and -linolenic acid 13S-hydroperoxide were poor substrates for GmAOS1 and GmAOS2.
Tissue distribution of soybean AOSs GmAOS1 and GmAOS2 mRNAs were expressed in leaves, stems, and roots (Fig. 5A) . Each primer pair amplified only its target, confirming specificity in PCR (Fig. 5B) . Successful cDNA syntheses were confirmed The expressed enzyme was purified using Ni-NTA agarose, and analyzed using a 10% polyacrylamide gel containing 0.1% SDS. Twenty mg of protein was loaded. The proteins were stained with Coomassie brilliant blue. M, molecular weight marker; lane 1, GmAOS1; lane 2, GmAOS2. by the fact that housekeeping actin 3 mRNA was amplified only in cDNAs prepared with a reverse transcriptase (Fig. 5C ).
Discussion
Contrary to great deal of detailed research on soybean LOXs, 21, 22) there is only limited information about soybean AOS. 10) In this study, two closely related soybean AOSs, GmAOS1 and GmAOS2, were cloned and characterized. The recombinant proteins of GmAOS1 and GmAOS2 exhibited apparent AOS activity, as expected from the relatively high homology in primary structure between soybean AOSs and other members in the CYP74A family, including AOSs of Arabidopsis thaliana 19) and tomato. 20) The deduced primary structures of GmAOS1 and GmAOS2, sharing 95% homology, contained N-terminal chloroplast-targeting signal peptides. Both GmAOS1 and GmAOS2 were detected in various tissues of matured soybean plant.
The recombinant enzymes of both GmAOS1 and GmAOS2 were selective for 13-hydroperoxides over 9-hydrperoxides of -linolenic acid and linoleic acid (Table 1) , suggesting a potential of GmAOS1 and GmAOS2 to contribute to JA synthesis. While the kinetic parameters of GmAOS1 indicated its preference for 13-HPOT over 13-HPOD, those of GmAOS2 did not distinguish its substrate selectivity for 13-HPOT or 13-HPOD. On the other hand, the large K m and V max values of GmAOS2 for 13-HPOT suggest that this enzyme functioned especially when a large amount of 13-HPOT was supplied. The physiological functions of GmAOS1 and GmAOS2 remain to be evaluated.
Although no complete sequence of soybean AOS has ever been registered in GeneBank, partial sequences registered as soybean AOS are available in the EST database. The sequences were assembled into four possible ORFs. Two ORFs were identical to parts of GmAOS1 and GmAOS2, possible members of the CYP74A family. One sequence (BG043201) that was not assigned completely either to GmAOS1 or to GmAOS2 suggests the presence of another GmAOS. The other two (here temporarily designated GmAOSx and GmAOSy) were more likely to belong to the CYP74C family. Examples that should be considered are rice hydroperoxide lyases with dual 9-/13-hydroperoxide selectivity, originally registered as AOSs based on deduced amino acid sequences. 23) Moreover, since besides GmAOS1 and GmAOS2, GmAOSx and GmAOSy are the only other soybean AOS candidates available at present, their enzymatic activity ought to be evaluated to understand all the AOS pathways in soybean plants. Soybean AOSs (panel A) and soybean actin 3 (panel C) were detected by PCR using cDNA prepared from the total RNA of each tissue. The numbers 1 and 2 in panels A and B indicate primer pairs specific to GmAOS1 and GmAOS2 respectively. Panel B shows the results of PCR using cDNAs encoding GmAOS1 and GmAOS2 as templates. cDNAs prepared with (+) or without (À) reverse transcriptase (RT) were used as templates to detect soybean actin 3 (Panel C). M, 100 bp ladder. Table 1 . Kinetic Parameters of Soybean AOSs Substrates:13-HPOT (13S-hydroperoxy-9Z,11E,15Z-octadecatrienoic acid), 13-HPOD (13S-hydroperoxy-9Z,11E-octadecadienoic acid), 13-HPOT (13S-hydroperoxy-6Z,9Z,11E-octadecatrienoic acid), 9-HPOT (9S-hydroperoxy-10E,12Z,15Z-octadecatrienoic acid), 9-HPOD (9S-hydroperoxy-10E,12Z-octadecadienoic acid), 9-HPOT (9S-hydroperoxy-6Z,10E,12Z-octadecatrienoic acid). 13-HPOT and 9-HPOT were derived from -linolenic acid. 
